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A menudo se asume que las prácticas de uso de la tierra generan importantes impactos 
sobre los recursos hídricos y afectan a la población situada aguas abajo en la cuenca. Los 
pagos de la población afectada aguas abajo a la población situada aguas arriba por los 
«servicios hidrológicos», como una buena calidad de las aguas, una menor cantidad de 
sedimentos o un régimen de caudales más regular constituyen un tema ampliamente 
debatido. Sin embargo, existe una gran controversia sobre la dirección y magnitud de 
dichos impactos, su influencia en las relaciones entre la población de la cuenca y los 
mecanismos que permiten un reparto de los costes y beneficios entre sus diferentes 
usuarios. Para abordar estos temas, la Dirección de Fomento de Tierras y Aguas de la 
FAO inició el programa “Relaciones tierra-agua en cuencas hidrográficas rurales”. 
 
Los efectos de uso de tierra sobre recursos de agua varían con condiciones locales.  El 
monitoreo es difícil debido a grandes retrasos entre causa y efecto y las interferencias 
entre impactos antrópicos y naturales, por ejemplo debido a cambios climáticos.  Estas 
limitaciones hacen difícil llegar a conclusiones generales sobre relaciones entre uso de 
tierra y aguas en cuencas.  Sin embargo, algunas experiencias indican que los impactos de 
manejo de tierra sobre la hidrología y la sedimentación en cuencas se observan más 
claramente en cuencas de escalas pequeñas hacía unos decenas de kilómetros cuadrados.  
Efectos de manejo de tierra sobre la calidad de agua se pueden observar también a escalas 
más grandes.     
 
Fiable información sobre las interacciones entre uso de tierra y aguas en cuencas es 
costosa y solamente se obtiene a largo plazo. Existen algunas generalizaciones sobre 
estas interacciones poco confiables. Estos se obtienen, por ejemplo, de extrapolaciones de 
resultados obtenidos experimentos a la escala de la parcela a la escala de la cuenca.    
 
Estos resultados subrayan la necesidad de una cuidadosa evaluación y un monitoreo de 
las relaciones tierra-agua para la implementación de sistemas de pago por servicios 
ambientales en cuencas.  Se presentan dos recientes experiencias con la evaluación de 
relaciones tierra-agua en América Latina.   
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Introduction 
 
The issue of payment for watershed services is receiving increasing attention as a mean to 
share benefits and costs of land use activities in watersheds between upstream and 
downstream populations. It is based on the assumption that land use practices 
significantly affect the hydrology of the watersheds and can therefore be valued in terms 
of their positive or negative impact on the water users downstream. This paper presents 
the results of a study carried out by FAO during the last three years aiming at better 
understand the relation between land use and water in rural watersheds and identifying 
possible institutional or financial mechanisms to better reflect the relation between 
upstream and downstream communities within these watersheds. 
 
The programme includes the following elements: 
 
- Improve the understanding of land-water relationships in rural watersheds; 
- Collect evidence through case studies on impact valuation and watershed 
cooperation mechanisms; 
- Develop guidelines for use at decision-making level and at technical level; 
- Disseminate findings through policy guidance, technical assistance, seminar etc.  
 
In particular, the study is organized around three main questions: 
 
1. What are the biophysical impacts of land use on water resources availability and 
quality ? 
2. How can we value these impacts in terms of economic benefits and costs ? 
3. What instruments and mechanisms exist to share these benefits and costs between 
upstream and downstream resource users? 
 
Basic assumptions 
 
The study is further based on the principle that a distinction should be made between on-
site and off-site impacts of land use practices, as they influence the behavior of land 
users: It is assumed that land users always tend to adopt practices that optimise their 
return, and that in the absence of upstream-downstream cooperative mechanisms, 
incentives, regulations, etc. land users will seek to optimize direct (on-site) benefits only. 
 
These assumptions are fundamental to the overall question of payment for environmental 
services in general and for watershed services in particular, as they imply the need for a 
completely different approach to solving the problem of on-site and off-site effects of 
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land use. Farmers in watersheds will be more inclined to adopt practices that enhance the 
overall fertility and value of their own land (if land tenure conditions are favorable) than 
to invest in activities that will benefit other people downstream. In very small upstream 
watersheds, however, the rural communities may see a direct interest in consolidating the 
land immediately above their villages and engage in soil and water conservation activities 
that can benefit the community as a whole.  
 
First question: what are the biophysical impacts of land use ? 
 
Often, the general assumption that land use affects water in the watershed is taken for 
granted. Experiments have been conducted in watersheds during several decades, 
showing for instance how tree cutting could influence the volume and temporal 
distribution of flows at the outlet. For long, however, the issue of scale and its impact on 
hydrological processes has been largely overlooked. One of the main results of this study 
was that scale was the single most important factor that should be taken into account in 
assessing impacts of land use practices on water in watersheds. In particular, scale plays a 
role when comparing the impact of land use on sediment transport with natural erosion 
processes: in most cases, in large watersheds, natural erosion processes have a larger 
impact on sediment transport than inadequate land use practices. Table 1 provides an 
empirical estimate of the scales at which typical impacts of land use can be observed. 
 
Watershed size [km2]Observable
impact of
land use on:
small
0,1 – 10
medium
10 - 100
large
100 and up
Average flow x - -
Peak flow x - -
Base flow x - -
Groundwater
recharge
x - -
Sediment
load
x - -
Pathogens x - -
Nutrients x x x
Salinity x x x
Pesticides x x x
 
                      Table 1: Scale at which impacts can be observed (empirical) 
 
Typically, the impact on hydrological regime (flow distribution, sediment transport, etc.) 
is most visible at small scale, while impact on water quality can usually be measured also 
at large scale due to a cumulative effect and the absence, in most cases, of natural factors 
contributing to these effects. 
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When scientifically assessed and measured, it appears that most of the “common 
wisdom” related to land use impact on water must be considered carefully, as it depends 
from one case to another. Afforestation, for instance, usually reduces water yields in 
watersheds rather than increasing it, and while afforestation programmes may have 
positive impacts on land stabilization and reduction of erosion, inadequate forestry 
practices can result in increased erosion, at least in the short term. Similarly, vegetation 
cover, although it usually contributes to land stabilization and reduced erosion, has little 
effect on large floods and their implications in terms of massive soil losses like those 
provoked by landslides. In all cases, the variability of the climate and precipitation 
pattern usually plays a role which can be several orders of magnitudes larger than the 
possible impact of any land use activity. In such cases, it might be impossible to detect 
the impact of land use on water and therefore such impact is irrelevant.  
 
Second question: How can we value the impacts ? 
 
If impacts of specific land use activities are measurable and if they are significant 
compared to variations due to natural causes like climate variability, further steps in 
searching for mechanisms to link upstream and downstream land and water users require 
that some value be assigned to these impacts.  
Figure 1: Valuing water services in watersheds 
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Figure 1 proposes a classical breakdown of different values that should be assessed when 
computing watershed services. Value can be first divided into use value and non-use 
value. Use value includes all direct services provided by water, indirect services (flood 
control, etc.) and options in the case water use or watershed management has 
implications for future generations. Non-use values can include existence and legacy 
values. In the figure, the capacity to assess the value of services provided by water 
decreases from the left to the right. In general, however, it can be argued that the full 
value of water is practically impossible to assess. The point is then to make sure that the 
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relative importance of the different values is well taken into account in the overall 
valuing exercise.  
 
Valuing water services is a pre-requisite to set up systems of Payment for watershed 
services. Only through such exercise will upstream land users and downstream water 
users be able to negotiate co-operation or service payment mechanisms. Our study has 
shown that in most cases the value that could be assigned to a given watershed service 
was too small to attract the attention of upstream land users, be it because the direct 
financial implications of not using a specific land use practice was several times larger 
than the benefit it would induce, or because actions required from upstream populations 
to improve the water situation downstream could not be made economic attractive to 
populations due to low return downstream. Typically, activities related to the reduction of 
sediment load in rivers are almost impossible to make attractive. There are three main 
reasons for this: the fact that in most cases natural erosion processes are often more 
important than human-induced erosion; that a time-lag of several years or decades exists 
between the time erosion control measures are implemented and the time when some 
reduction can be observed downstream; and, finally, that in many cases downstream 
benefits do not justify interventions upstream. As an example, in Madagascar, erosion in 
watersheds has been for long considered as one of the main reasons for low rice 
production in downstream irrigated fields and attempts have been made to associate 
watershed management activities to irrigation improvement programmes. It appeared that 
the low input of irrigation fields was due more to a set of disincentives to the farmers, 
including precarious land tenure conditions, than to sedimentation problems. In addition, 
erosion is a natural process in Madagascar and human impact is usually marginal in 
regard to natural erosion.  
 
First case study: Valuation for drinking water in Brazil 
 
The most promising cases of valuation of watershed services lie in protection of sources 
of drinking water. A typical example is given by the Lajeado Sao José watershed, in 
Santa Catarina, Brazil, where suspended sediments and chemicals from agriculture had a 
direct impact on the cost of water treatment for the downstream city. The total area of the 
watershed is 6 348 hectares, and the watershed has been monitored over a period of 10 
years between 1988 and 1997. In the Lajeado Sao José watershed, agriculture accounted 
for 39% of total land use and was the single largest category of land use. It was also 
identified as the main source of chemicals, and a prime source of sediments (see 
Figure 2).  
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Figure 2. Land uses in the Lajedo S. José watershed.  
Figure 3. Changes in land use practices 1990-1997 
A valuation method based on the 
assessment of the reduction in water 
treatment cost (cost avoidance) was 
applied. The cost reduction due to changes 
in agricultural practices was estimated at 
2 500 US$ per month. Over a four year 
period, this reduction represented about 
100 000 US$ that were invested in 
changing agricultural practices.  
0
50
100
150
200
250
300
350
400
mg/L
Suspended
Sediment
Chemical use 
1990
1997
Figure 4. Changes in sediments and chemicals. 
 
In particular, contour farming, the use of organic manure and no-tillage practices were 
introduced and sponsored through the savings in water treatment, together with other 
activities of interest to farmers in the watersheds like improvement of roads. 
 
The Lajedo Sao José watershed is an example of direct valuation of cost avoided and 
allows for a rapid assessment of the feasibility of land use changes options within rural 
watersheds.  
 
Third question: What instruments exist to share benefits and costs ? 
 
Several options are available for sharing benefits and costs of land use practices within 
watersheds. Payments for watershed services are based on the capacity to value the 
services and identify beneficiaries and stakeholders within the watershed. Usually, these 
payments are made directly by the beneficiaries to the land users through negotiated 
agreements. At a larger scale, and when it becomes difficult to directly link beneficiaries 
to land users, local or national authorities may use subsidies to preserve or change land 
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use when the effects of proposed changes are proved effective in terms of benefits for the 
society as a whole. In some cases, direct compensation can be made to farmers to 
abandon their activities when it can be proved that this will result in overall benefits 
larger than those directly issued from farming activities. This can also be obtained 
through transfer or land use rights or land titles from farmers to downstream water users.  
In some cases, the value of watershed services might not be significant enough to justify 
intervention. Markets for pollution trading are another option that allows for 
internalization of pollution cost at the level of the watershed. Companies (typically 
hydropower companies) may also decide to develop such cooperation with upstream 
populations as a general recognition of their role in land protection and in order to 
demonstrate their sensitivity towards environmental issues. In such case, valuation goes 
beyond direct benefits and payments include considerations of public relation and image, 
even in the absence of clearly demonstrated effects of proposed land use changes. 
 
Implications for watershed management programme 
 
Watershed management programmes have been initially created as a response to 
environmental degradation in upper watershed areas, focusing mainly on afforestation 
and soil and water conservation techniques. As such, they have as prime focus the 
management of natural resources. Progressively, it appeared that watershed management 
activities could not be carried out in a sustainable manner if the local populations were 
not involved fully into the planning and implementation process. The focus then shifted 
from soil and water protection activities to issues of participatory planning, capacity 
building and empowerment of upstream populations. In so doing, watershed management 
programme gave increasing attention to needs and priorities of the local people. In 
particular, the focus shifted from a geographical vision of natural resources conservation 
of which the watershed was the natural physical land unit to a community-based vision 
where the role of the watershed as a geographical planning unit became much more 
marginal. On-site benefits received increasing attention, while off-farm benefits of 
watershed management activities became a by-product. One of the reasons for this shift 
was the impossibility to develop mechanisms that would allow for a thorough recognition 
of the downstream positive impacts of upstream activities. In addition, one of the main 
limitations of watershed management programmes in terms of downstream impact was 
the duration and geographical extent of most of them that did not allow them to reach 
significant impacts downstream.  
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Second case study: Soil and water conservation, Gallito Ciego, Peru 
 
The case of Gallito Ciego in Peru is representative of many situations where watershed 
management programmes are initially planned to solve a specific downstream problem 
and of the dilemma between on-site participatory resources management programmes and 
downstream requirements.  In the Gallito Ciego reservoir, a problem of rapid siltation has 
been identified. The dam was built for hydroelectrical purposes, in a watershed that 
covers an area of 3 500 km2. Mean annual runoff is about 800 million m3, for an average 
precipitation in the watershed varying from 40 to 1 300 mm/year.  An expertise was 
requested to assess possible impact of soil and water conservation measures within the 
watershed as a mean to reduce dam siltation.  
 
A preliminary assessment of the watershed showed that the extent of agricultural land 
was marginal inside the watershed and that most of it was covered with forests. It was 
also shown that most of the sediments trapped in the reservoir were brought during 
extreme climatic events, and that the areas of the watershed were the most severe erosion 
occurred was beyond any possible control by local populations. It was therefore 
concluded that any solution to reduce substantially sedimentation within the reservoir 
should include major hydraulic infrastructure like check dams or river bank protections, 
and that there was little scope for watershed management activities in addressing the 
specific problem of reservoir siltation.   
 
Conclusion 
 
The study led to a set of conclusions that have direct implications for programmes 
leading to payment for watershed services. In particular: 
 
• Land use impacts on water can have considerable downstream consequences 
(negative and positive), especially when water quality is an issue (drinking water 
sources in particular; 
• There are often misconceptions about the role of land use practices, and in 
particular forests, that can lead to ineffective investments in terms of downstream 
impact; 
• It is practically impossible to perform a thorough valuation of watershed services. 
The feasibility of cooperation or payment schemes between downstream and 
upstream stakeholders depends in large parts on the economic value of the 
downstream impact and the capacity to assess it in a reliable way; 
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• Watershed cooperation may be successful even in absence of reliable valuation of 
physical impacts, when other non directly measurable impacts can be taken into 
consideration (image, other social concerns, etc.). 
 
The study further led to the identification of a set of criteria that must be met to ensure 
success of upstream downstream cooperation mechanisms: 
 
• Watershed management programmes must be considered as one element of water 
conservation strategies; 
• The biophysical impacts of land use in watersheds are very site- and scale-specific 
and must be assessed on a case-by-case basis; 
• There is a  common understanding and reliable quantification among stakeholders 
of the biophysical impacts, including awareness of uncertainty; 
• The economic impact on downstream stakeholders can be quantified and is 
important enough to justify intervention; 
• The groups of upstream and downstream stakeholders are preferably few and 
well-organized; 
• The existing institutional and legal frameworks, including land tenure conditions, 
are conducive to successful upstream-downstream linkage programmes;  
• A political commitment to establish upstream-downstream cooperation exists if 
the public sector is involved.  
 
Further reference and information 
 
Further detail and information about the study, case studies and current activities can be 
obtained from the following web site: http://www.fao.org/landandwater/watershed/. 
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